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Abstract Background. Infants with cardiac disease or 
prematurity are at risk for severe illness caused by respira- 
tory syncytial virus. Immune globulin with a high titer of 
antibodies against respiratory syncytial virus may offer in- 
fants and young children at risk protection from this seri- 
ous, common respiratory Ulness. 

Methods. We studied 249 infants and young children 
(mean age, eight months) who had bfonchopulmonary 
dysplasia due to prematurity (n = 102), congenital heart 
disease (n = 87). or prematurity alone (n = 60). Respira- 
tory syncytial virus immune globulin was given monthly to 
some of these children in either a high dose (750 mg per 
kilogram of body weight; n « 81) or a low dose (150 mg 
per kilogram; n = 79); 89 controls received no immune 
globulin. Group assignments were random. Assessments 
. of respiratory illness and management were conducted 
without knowledge of the children's group assignments. 

Results. There were 64 episodes of respiratory syn- 
cytial virus infection: 19 in the high-dose group, 16 in 
the low-dose group, and 29 in the control group. In the 

RESPIRATORY syncytial virus is an important 
. respiratory pathogen of infancy and early child- 
hood. 1 * 4 The greatest morbidity and mortality occur 
among children at high risk for respiratory syncytial 
virus infection who are less than two years old 4 " 7 ; these 
include preterm infants who are less than six months 
old 8 " 10 and young children with underlying pulmo- 
nary or cardiac disease. 11 " 16 Currently, there arc no 
safe and effective methods of actively immunizing in- 
fants against respiratory syncytial virus. However, 
studies in animals 17 ' 22 and epidemiologic observations 
in full-term infants 5 - 6 - 2 * 26 indicate that the mainte- 
nance of serum titers of respiratory syncytial virus- 
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high-dose group there were fewer lower respiratory 
tract infections (7, vs. 20 in the control group; P = 0.01), 
fewer hospitalizations (6, vs. 18 in the control group; 
P «= 0.02), fewer hospital days (43, vs. 128 in the control 
group; P = 0.02), fewer days in the intensive care unit 
(P •= 0.05), and less use of ribavirin (P = 0.05). In the tow- 
dose group there was a significant reduction only in the 
number of days in the intensive care unit (P «= 0.03). Ad- 
verse events during the 580 infusions were generally mild 
and included fluid overload (in five children), oxygen de- 
saturation (eight), and fever (six). Six children died: three 
in the high-dose group, three in the low-dose group, and 
none in the control group (P = 0.15), but no death was 
attributed to the use of immune globulin or to illness 
caused by respiratory syncytial vims. 

Conclusions. Administration of high doses of respira- 
tory syncytial virus immune globulin is a safe and effective 
means of preventing lower respiratory tract infection in 
infants and young children at high risk for this disease. 
(H Engl J Med 1 993329:1 524-30.) 

neutralizing antibody between 1:200 and 1:400 pre- 
vents respiratory syncytial virus infection in the lower 
respiratory tract. 

Monthly infusions of a standard intravenous im- 
mune globulin are feasible and safe in high-risk in- 
fants. However, the peak titers of respiratory syncytial 
virus-neutralizing antibody achieved with commer- 
cial immune globulin at a dose of 750 mg per kilogram 
of body weight averaged only 1:87, well below the 
levels needed for protection. 17 An intravenous immune 
globulin is now available that contains high titers of 
respiratory syncytial virus-neutralizing antibody. 28 
Our hypothesis was that respiratory syncytial virus 
infection of the lower respiratory tract could be at- 
tenuated or prevented in high-risk children by month- 
ly infusions of respiratory syncytial virus immune 
globulin during the season when most respiratory 
syncytial virus infections occur (December through 
March or April). 

Methods 

Patients 

The study population was drawn from five clinical centers: 
University Hospital and the Children's Hospital, Denver; Strong 
Memorial Hospital, Rochester, New York; Children's National 
Medical Center, Washington, O.C.; the Floating Hospital, Bos- 
ton; and Children's Hospital of BufTalo, BufTalo, New York. Chil- 
dren were enrolled if the)* were less than 48 months old at 
the beginning of the study (with children younger than 12 months 
preferred) and had congenital heart disease or cardiomyopathy, 
bronchopulmonary dysplasia, or premature delivery (<35 weeks) 
and a chronologic age of less than G months. Reasons for exclu- 
sion were immunodeficiency, poorly controlled heart or renal fail- 
ure, dependence on a ventilator, or an expected survival of less 
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chan six months. We followed the children 
during a single respiratory syncytial vims 
season, during which those assigned to the 
high-dose and low-dose groups received res- 
piratory syncytial virus immune globulin, 
then through the next season. A "season** 
extended from December through March or 
April, depending on the presence of respira- 
tory syncytial virus in the community. This 
study was approved by the investigational 
review board at each clinical site. Parents 
gave informed consent before their child's 
enrollment 

Study Design 

. The children were randomly assigned to 
one of three groups at each center a high- 
dose group that received 750 mg of respira- 
tory syncytial virus immune globulin per 
kilogram (15 ml per kilogram) each month; 
a low-dose group that received 150 mg of 
respiratory syncytial virus immune globu- 
lin per kilogram (3 ml per kilogram) each 
month; or a control group that received no 
respiratory syncytial virus immune globulin. Four separate lots of 
lyophilizcd human respiratory syncytial virus immune globulin 
with titers ranging from 1:2400 to 1:6073 were used over the three- 
year study period.* 

The sample size was determined on the basis of two primary end 
points: reduction in the incidence of lower respiratory tract infec- 
tion caused by respiratory syncytial virus and reduction in the se- 
verity of respiratory syncytial virus disease. We calculated that a 
cohort of 250 children would be sufficient to guarantee a power of 
80 percent with a type I error of 5 percent to detect a reduction in 
the incidence of respiratory syncytial virus infection of the lower 
respiratory tract from 25 percent among the controls to 10 percent 
among the treated children and a reduction in severity as measured 
by a composite respiratory score from moderate to mild in the treat- 
ed groups. 

The respiratory scoring system used in this study was based on 
changes in oxygen saturation and respiratory rate and on pul- 
monary findings of retractions (ind rawing of chest wall), wheez- 
ing, and crackles. 99 For each of these variables, a score from 0 to 
5 was determined by the degree of difference between the observed 
measurement and the child's base-line measurement. An over- 
all respiratory score from 0 to 5 was calculated as the mode of 
the three component scores or the mean, if there was no mode 
(Table 1). 

Study Visits and Infusions 

Base-line epidemiologic and clinical data were obtained for each 
child at entry, and infusions were initiated in mid-November. Chil- 
dren in the two treated groups received three to five infusions at 
four-week intervals, depending on the length of the respiratory syn- 
cytial virus season at each center. The season was determined by 
observation of respiratory syncytial virus activity by the sentinel 
laboratories at each site. Low-dose infusions were given over a one- 
hour period, and high -dose infusions over a two-hour period, by 
constant-infusion pump. Vital signs were recorded every hour, the 
children were observed carefully for cardiac or pulmonary decom- 
pensation, respiratory scores were determined at the beginning and 
end of the infusion period, and adverse events and complications 
were recorded. A successful infusion was defined as receipt of at 
least 75 percent of the scheduled volume of the infusion. When a 
child missed a study visit, the family was called to reschedule the 
visit within two weeks. 

Blinding and Surveillance 

The nature of the study design required two separate teams at 
each clinical site. An unblinded team was responsible for the enroll* 
ment of patients and for all well-baby visits and examinations at the 
time of infusions. The blinded team was responsible for weekly 



Table 1. Derivation of the Respiratory Score.* 
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telephone surveillance for respiratory illness and for the evaluation 
of all respiratory illness. The parents were instructed not to divulge 
their child's treatment status to this second team. Separate case- 
report forms were used for each team. Ill children were evaluated 
only by a blinded member. A nasopharyngeal specimen obtained by 
nasal washing was submitted for rapid detection of respiratory syn- 
cytial virus antigen and respiratory-virus culture. 30 A respiratory 
syncytial virus infection was defined as existing when there was a 
positive test for respiratory syncytial virus antigen (by direct immu- 
nofluorescence or enzyme immunoassay, depending on the prefer- 
ence of the stalT at each center** 1 ) or isolation of respiratory syncy- 
tial virus in culture. Ill children who did not require hospitalization 
were assessed every two to three days by a blinded staff member 
until their base-line scores were achieved. The decision to hospital- 
ize a child was also made by a blinded physician, and hospitalized 
children were evaluated daily. The decision to use ribavirin, to 
admit a child to the intensive care unit, to initiate mechanical venti- 
lation, or to discharge a child from the hospital was made by an 
attending physician not involved with the study and unaware of the 
patient's treatment status. 

During the subsequent respiratory syncytial vims season, the 
families of the children studied in the previous year were telephoned 
by blinded team personnel every other week. If respiratory syncyti- 
al virus illness developed, the children were evaluated as described 
above. 

Statistical Analysis 

Data were entered in duplicate into the Epi-Info data -en try pro- 
gram, cross-checked for accuracy of entry, and analyzed with Epi- 
Info version 5.0 IB, Statistical Analysis Systems version 6.07, and 
BMDP version 1990 software. All analyses were performed accord- 
ing to the intention-to-treat rule. The three treatment groups were 
compared with reaped to sociodemographic variables and other 
potential risk factors by the two-tailed chi -square test. The inci- 
dence of disease and the frequency of hospitalization and admission 
to the intensive care unit were reduced to binary variables by count- 
ing only the first occurrence of each. Fisher's exact test was used 
when the outcome was binary and the expected number of occur- 
rences in a group was less than five. Both the high-dose group and 
the low-dose group were compared with the control group with 
respect to efficacy and safety. Continuous measures, such as differ- 
ences between groups in the mean number of days in the hospital 
and in the intensive care unit, were compared with the two- tailed 
t-test. This test was also used to compare the individual components 
of the respiratory score. The Wilcoxon rank-sum test was used to 
compare the worst respiratory scores among the treatment groups. 
For multivariate analyses, factors whose individual association with 
the primary end point, respiratory syncytial virus infection of the 
lower respiratory tract, achieved a P value of less than 0.05 were 
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included in a logistic-regression model used to assess the independ- 
ent c fleet of treatment with respiratory syncytial virus immune 
globulin. 

Results 
Characteristics of the Study Subjects 

A lota! of 249 children were enrolled in the study. 
We found no significant differences among the treat- 
ment groups at the various study centers with respect 
to any demographic characteristics. Although a histo- 
ry of hospitalization Tor proved respiratory syncytial 
virus illness was more common in the high-dose group 
(P = 0.05) (Table 2), the base-line titers of respirato- 
ry syncytial virus A^-neutralizing antibody and the 
base-line respiratory scores were comparable in the 
three groups. 

Compliance and Intravenous Access 

In both the high- and the low-dose treatment 
groups, there was at least one problem with intrave- 
nous access in 60 percent of the children. However, at 
least 75 percent of the prescribed dose of respiratory 
syncytial virus immune globulin was infused at 85 per- 
cent of the visits. Compliance with the monthly visits 
was better in the treated groups; children who were 
receiving high-dose respiratory syncytia] virus im- 
mune globulin missed 10 of 319 visits (3.1 percent), 
children receiving low-dose immune globulin missed 
21 of 322 visits (6.5 percent), and control children 
missed 34 of their 376 monthly visits (9.0 percent) 
(P = 0.006 by the chi-square test). 

Efficacy 

Data on all 249 children were analyzed for efficacy. 
Only the first occurrence of a new illness or treatment 
event in a given patient was included in the analysis. 
The frequency of all lower respiratory tract infec- 
tions was reduced by 48 percent, and the frequency of 
moderate and severe lower respiratory tract infections 
was reduced by 62 percent. These decreases were pri- 
marily due to the reduction in the rate of respiratory 
syncytia] virus infection of the lower respiratory tract. 
Recipients of high-dose respiratory syncytial virus im- 
mune globulin had a 62 percent reduction in the inci- 
dence of respiratory syncytial virus infection of the 
lower respiratory tract (P = 0.01) and a 72 percent 
reduction in all moderate or severe respiratory syncy- 
tial virus infections of the lower respiratory tract 
(P = 0.03) (Table 3). The milder respiratory syncytial 
virus disease was reflected by lower respiratory scores 
in the high-dose group (mean ±SD, l.58±0.21 vs. 
2.34±0.25 in the control group; P = 0.01). Recipients 
of the low dose of immune globulin did not have sig- 
nificantly lower scores than the controls (2.l3±1.8 t 
P = 0.78). Furthermore, children who received a 
low-dose infusion had a reduction of only 27 percent 
in the overall frequency of respiratory syncytial virus 
infections of the lower respiratory tract, as compared 
with the controls (P = 0.35), and a reduction of 
53 percent in moderate or severe respiratory syncy- 



tia! virus infection of the lower respiratory tract 
(P = 0.13). 

Children in the high-dose group were hospitalized 
63 percent less often than control children (Table 4), 
and spent significantly fewer total days in the hospital 
for respiratory syncytial virus disease (a 63 percent 
reduction). Fewer admissions to the intensive care 
unit were observed in both the low-dose and the high- 
dose group than in the control group, and the total 
number of days in the intensive care unit was reduced 
by 97 to 100 percent over that for the controls (Ta- 

Tabte 2. Dernographic and Clinical Characteristics 
of 249 Infants and Young Children, Accenting to 
Study Group.* 
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ble 4). Two children in the control group and none in 
cither treatment group required assisted ventilation. A 
significant decrease in the number of days of ribavirin 
use was also observed in the high-dose group (9 per 
100 children) as compared with the control group (33 
per 100 children, P = 0.05). 

Although there was a reduction in the incidence of 
respiratory syncytial virus infection of the lower respi- 
ratory tract and hospitalization for respiratory syncy- 
tial virus illness in all three groups, the greatest im- 
provement was among preterm infants and infants 
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with bronchopulmonary dysplasia. The controls at the 
Denver center differed from t hose at the other four 
centers in that rap!ratory"syncytiaT wus~inlecuon 
of the lower respiratory tract occurred more frequent- 
ly among these children and was more severe, as de- 
fined by the need for hospitalization (33 percent vs. 
14 percent). These differences probably reflect the ef- 
fect of altitude on the severity of respiratory tract 
disease.* 1 Ma 

We constructed a multivariate model to examine 

Table 3. Incidence of Acute Respiratory Disease and Respiratory 
Syncytial Virus (RSV) Infection, According to Study Group. 
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the protective effect of treatment with respiratory syn- 
cytial virus immune globulin in combination with rec- 
ognized risk factors for respiratory syncytial virus 
illness on the presence or absence of respiratory syncy- 
tial virus infection of the lower respiratory tract. The 
study center, male sex, a higher number of people in 
the household, and a history of respiratory syncytial 
virus illness were all related to a higher incidence of 
respiratory syncytial virus infection. After adjustment 
for these variables, treatment with high-dose respira- 
tory syncytial virus immune globulin reduced the inci- 
dence of respiratory syncytial virus infection of the 
lower respiratory tract by 75 percent (P = 0.009), 
whereas the reduction in incidence associated with 
low-dose immune globulin was not significant (44 per- 
cent, P = 0.24). 

The Timing of Infusions 

We examined the timing of respiratory syncytial 
virus illness in relation to the infusions of respiratory 
syncytial virus immune globulin and in relation to 
the monthly visits in the case of the control children. 
AH episodes of respiratory syncytial virus infection of 
the lower respiratory tract occurred within 40 days 
of a completed infusion among the children receiving 
high-dose infusions at a mean interval of 24.8±18.9 
days. This was comparable to the interval between 
treatment and the development of respiratory syncy- 



Tabte 4. Hospitalization for Respiratory Syncytial Virus Infection 
of the Lowe r Respiratory Tract. According to Study Group.* _ 
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rial virus in children receiving tow-dose infusions 
(20-3± 12.7 days) and between illness and the monthly 
visits in control children (22.3 ±13.1 days). 

Tolerance and Safety 

Nineteen acute adverse reactions occurred among 
580 infusions (3 percent). Five infants were thought to 
have mild fluid overload; two of them had findings^of 
fluid overload before the infusion began. All five re- 
sponded to the slowing of the rate of infusion or to the 
administration of diuretics; most received subsequent 
infusions without problems. The remaining adverse 
reactions consisted of mild decreases in oxygen satu- 
ration (in eight children) and fever (in six). The only 
serious event occurred in a 17-month -old infant with 
severe bronchopulmonary dysplasia; after a second 
dose of 750 mg of respiratory syncytial virus immune 
globulin per kilogram he had fever (temperature, 
40.6°C), crackles, and increasing respiratory distress, 
which necessitated mechanical ventilation within 24 
hours. This child died of progressive respiratory fail- 
ure three months later. 

Respiratory Disease In Subsequent Seasons 

Eighty-five percent of the children (210 of 249) 
were followed during a second respiratory syncytial 
virus season. Of these, 18 children in the high-dose 
group, 1 1 in the low-dose group, and 14 controls had 
respiratory syncytial virus illness (P = 0.89 by the chi- 
square test). Five children in the high-dose group, five 
in the low-dose group, and seven in the control group 
required hospitalization for respiratory syncytial virus 
disease. The observed rate of ^hospitalization was 
consistent with that seen in children with chronic lung 
or heart disease. 5243 

Deaths 

Over the three-year study period, six deaths oc- 
curred after the initial infusion and within the four 
months after the last infusion. There were three deaths 
in the high-dose group, three in the low-dose group, 
and none in the control group (P = 0.15 by Fisher's 
exact lest). Extensive analysis of hospital and autopsy 
reports revealed no basis for attributing the deaths to 
the infusion of respiratory syncytial virus immune 
globulin (Table 5). No death occurred as a result of 
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respiratory syncytial virus infection. Because 5 of the 
children had heart disease, the entire cohort of 87 
patients with cardiac disorders was analyzed separate- 
ly by a pediatric cardiologist blinded to their group 
assignment. No differences in the type of cardiac ab- 
normality, changes in cardiac status, or frequency of 
cardiac surgery were observed. Three deaths were di- 
rectly associated with complications of cardiac sur- 
gery and occurred 2 to 13 weeks after the final infusion 
of respiratory syncytial virus immune globulin. The 
remaining three deaths were due to medical causes 
and occurred two weeks, one month, and three months 
after an infusion (Table 5). 

Discussion 

Monthly infusions of high-dose immune globulin 
containing high titers of respiratory syncytial virus- 
neutralizing antibody significantly decreased both the 
incidence and the severity of respiratory syncytial vi- 
rus infection of the lower respiratory tract in children 
at high risk for this disease. High-dose respiratory syn- 
cytial vims immune globulin had a significant effect 
oh the frequency of respiratory syncytial virus— asso- 
ciated hospitalization (a 63 percent reduction), the 
total number of days of hospitalization (a 63 percent 
reduction), and the number of days in the intensive 
care unit (a 97 percent reduction). The children who 
received low-dose respiratory syncytial virus immune 
globulin were comparable to those who received the 
high dose only in the reduction in the total number of 
days: in the intensive care unit for illness associated 
with respiratory syncytial virus. 

The trough scrum titers of respiratory syncytial vi- 
rus-neutralizing antibody among the children in the 
high-dose group generally exceeded 1 :20c 34 Thus, our 
study findings were, consistent with those of studies 
in animals in which respiratory syncytial virus— neu- 
tralizing antibody titers between 1:200 and 1:400 
conferred protection against pulmonary infection.* 0,21 
Prophylaxis with respiratory syncytial virus immune 
globulin was effective in children in this study with all 
three types of diagnosis, but it appeared particularly 
efficacious in preterm infants with or without bron- 
chopulmonary dysplasia. Preterm infants, particular- 
ly those delivered at less than 32 weeks' gestation, 
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have very little maternal respiratory syncytial virus- 
neutralizing antibody" and may have particularly 
severe respiratory syncytial virus illness. 36 - 37 Such 
infants would be expected to benefit from passive im- 
munization with immune globulin with respiratory 
syncytial virus-neutralizing antibody. 

There were few adverse events during the immune 
globulin infusions (3 percent), and those that occurred 
were similar to those observed in other studies in 
which intravenous immune globulin was used. 1 *" 40 
The most difficult problem was obtaining intravenous 
access; despite this difficulty, however, most treated 
children received at least 75 percent of their sched- 
uled infusions, and compliance with the examination 
schedule was significantly better in the treated groups 
than in the control group, suggesting that families felt 
that the potential prevention of severe respiratory 
illness was worth the inconvenience of added visits 
and infusions. Six children died between the initial 
infusion and four months after the last infusion. No 
child died of respiratory syncytial virus-related ill- 
ness, and no relation between the infusion of respir- 
atory syncytial virus immune globulin and death 
was found. Five children who died had cardiac dis- 
ease; three of these deaths were directly attributable 
to complications of cardiac surgery. There was no evi- 
dence of an increased frequency or severity of sub- 
sequent respiratory syncytial virus illness among 
the children treated with the respiratory syncytial 
virus immune globulin. We are confident on the ba- 
sis of these results that respiratory syncytial virus 
immune globulin is safe for preterm infants with or 
without bronchopulmonary dysplasia. Although there 
was no evidence that respiratory syncytial virus im- 
mune globulin worsened cardiac disease, its safety in 
children with cardiac disorders merits further exami- 
nation. 

The results of this trial justify the evaluation of 
respiratory syncytial virus immune globulin as pro- 
phylaxis against severe respiratory syncytial virus ill- 
ness in other high-risk groups of children and adults. 
Our findings should provide an impetus for the devel- 
opment of additional methods of passive immuno pro- 
phylaxis, such as the intramuscular administration of 
monoclonal antibodies. 41 * 42 The finding that prophy- 
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Oats or Last 


Date or 


Date or 


Gaour 


Act (MO) 


DlACMOSS 


Imfusiom (No.) 


Svwct.tr 


Death 


High dose 


17 


Bronchopulmonary dysplasia 


1/24/91 (third) 




4/23/91 


High dose 


8 


Tetralogy of Fallot with pulmo- 


2/8/91 (third) 


2/26/91 


2/27/91 


High dose 




nary atresia 








13 


Tetralogy of Fallot 


1/28/91 (third) 




2/5/9) 


Low dose 


10 


Pulmonary stenosis 


2/27/91 (third) 


4/16/91 


7/13/91 


Low dose 


3 


Atrioventricular canal 


2/25/91 (second) 




3/31/91 


Low do%e 


8 


Tetralogy or Fallot with pulmo- 


2/6/92 (third) 


2/18/92 


2/18/9: 






nary atresia 









Cause or Death 

Progressive respiratory failure 
Surgical (arrhythmia) 

Pacemaker wire abscess; sud- 
den death 

Surgical (anoxic injury due to 
cardiac arrest) 

Congenial heart disease; pul- 
monary vascular disease 

Surgical (hypotension, pulmo- 
nary hyperinflation) 



•The* m« death* occurred 4licr the 6rn uudy mfoion and within four 



month* after the Uu infusion. 
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lactic monthly infusions of high-dose respiratory svn- 
cyt.al_v.rus .mmune globulin reduced bol"££ 

• will he avail, hu r d "° Vacane for universal use 
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